Water infusion of coalbeds for methane and dust control by Cervik, Joseph et al.
Bureau of Mines Report of Investigations/l977 
Water Infusion of Coalbeds 
for Methane and Dust Control 
UNITED STATES DEPARTMENT OF T H E  INTERIOR 
R e p o r t  o f  Investigations 8241 
Water Infusion of Coalbeds 
for Methane and Dust Control 
B y  Joseph Cervik, Albert Sainato, and Maurice Deul 
li N I'I'EI) SI'A'I'ES D E P A R T M E N T  O F  T H E  I N T E R I O R  
(;t~ciI L). Andrus ,  S e c r e t a r y  
HliKE:AU OF MINES 
T h i s  publ icat ion has been cataloged as fo l lows:  
C'ervi k ,  J o s e p h  
Water infusion of c o a l b e d s  for methane and d u s t  control  / 
by Joseph  Cervik, Albert Sainato,  and Maurice Deul.  [Wash- 
ington]  : U.S. Dept. of the  Interior,  Bureau of Mines, 1977. 
27 p. : i l l . ,  d i a g r a m s  ; 26 cm. ( R e p o r t  of i n v e \ t i g a t i o n \  - B u r e a u  
of h l i ne s  ; 8 2 4 1 )  
13ibl iography:  p. 26-27.  
1, ( o a l  m i n e s  a n d  min ing  - I l u s t  c o n t r o l .  2. Alethane. 3. ( o a l  
m i n e s  a n d  m i n i n g  - K a t e r  s u p p l y .  I. S a i n a t o ,  A I b e r t ,  jo in t  a u t h o r ,  
11. I l e u l ,  i l a u r i c e ,  ] o in t  au tho r .  111. U n i t e d  S t a t e s .  13ureau of 
L l ~ n e s .  I\'. T i t l e .  V. S e r i e s :  [Jnited S t a t e s ,  I3ureau of h l ines .  
K e p o r t  of i n \ e \ t i g a t i o n \  - 13ureau of h l i n e s  ; 82  ',I. 
TN23.U7 no. 8241 622.06173 




. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A b s t r a c t  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n t r o d u c t i o n  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  European  d r i l l i n g  and i n f u s i o n  p r o c e d u r e s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Coalbed  c h a r a c t e r i s t i c s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n f u s i o n  p r o c e d u r e s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n f u s i o n  o f  a  deve lopmen t  s e c t i o n  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Methane f l o w s  d u r i n g  i n f u s i o n . ,  
. . . . . . . . . . . . . . . . . . . . . .  L o c a t i o n  and  l e n g t h  o f  h o r i z o n t a l  h o l e s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D i r e c t i o n a l  p e r m e a b i l i t i e s  
E f f e c t  o f  mine  o p e n i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  E f f e c t  o f  g a s  p r e s s u r e  i n  c o a l b e d  
I n f u s i o n  o f  a  r e t r e a t i n g  l o n g w a l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Case  s t u d i e s  
Methane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dust  .............................................................. 
......................................... Mining  t h r o u g h  a n  i n f u s e d  zone  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E f f e c t  o f  w a t e r  on  r o o f  and f l o o r  s t r a t a  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D r i l l i n g  p r o c e d u r e s  and equipment  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wate r  i n f u s i o n  p r e s s u r e s  and equipment  
S u m a r y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
............................................................. R e f e r e n c e s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  European  i n f u s i o n  methods  
. . . . . . . . . . . . . . . . . . . . . . .  Flow i n t o  c o a l b e d  t h r o u g h  v e r t i c a l  b o r e h o l e  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  M i g r a t i o n  o f  w a t e r f r o n t  t h r o u g h  c o a l b e d  
W a t e r f r o n t  o f  two w e l l s  ........................................... 
Packed h o l e  f o r  w a t e r  i n f u s i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  Wate r  i n f u s i o n  o f  c o a l b e d  t h r o u g h  a  h o r i z o n t a l  h o l e  
.................................... Completed i n f u s i o n  o f  o n e  h o l e  
............................................. W a t e r - i n f u s e d  s e c t i o n  
E l l i p t i c a l  w a t e r f r o n t s  f o r  f a c e  c l e a t  p e r p e n d i c u l a r  t o  s e c t i o n  
advance  d i r e c t i o n  ............................................... 
E l l i p t i c a l  w a t e r f r o n t s  f o r  f a c e  c l e a t  p a r a l l e l  t o  s e c t i o n  
............................................... advance  d i r e c t i o n  
W a t e r - i n f u s e d  s e c t i o n  f o r  f a c e  c l e a t  p a r a l l e l  t o  s e c t i o n  
advance  d i r e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cusp ing  o f  w a t e r k r o n t  
........................ I n f u s i o n  o f  l o n g w a l l  w i t h  o n e  o r  two h o l e s  
T e s t  s e c t i o n  showing l o c a t i o n  o f  h o r i z o n t a l  h o l e s ,  me thane  
. . . . . . . . . . . . . . . . . . . . . . .  m o n i t o r i n g  s t a t i o n s ,  and  v e n t i l a t i o n  p l a n  
T o t a l  methane  f l o w  r a t e s  f rom s t u d y  a r e a  whe re  f a c e  c l e a t  i s  
. . . . . . . . . . . . . . . . . . . . . .  p e r p e n d i c u l a r  t o  s e c t i o n  advance  d i r e c t i o n  
T o t a l  methane  f l o w  r a t e s  f rom s t u d y  a r e a  whe re  f a c e  c l e a t  i s  
........................... p a r a l l e l  t o  s e c t i o n  advance  d i r e c t i o n  
Methane f l o w  r a t e s  f rom f a c e s  o f  s e c t i o n  i n  Upper 
. K i t t a n n i n g  c o a l b e d  ............................................. 
ILLUSTRATIONS.. Continued 
............................ Test section in Upper Freeport coalbed 
....................................... Mining through infused zone 
.............................................. Three-blade drag bit 
............................................. Three-cone roller bit 
............................................... Ten-foot stabilizer ...................................... End view of 10-ft stabilizer 
......................... Short centralizer (2-15/16-inch-diameter) 
Handheld air drill ................................................ 
............................................. Drill and power units 
TABLES 
................................... . 1 Infusion of development section 
.............................................. . 2 Infusion of longwall 
................................... . 3 Infusion pressure and flow rates 
...................... . 4 Infusion pump characteristics (three-piston) 
WATER INFUSION OF COALBEDS FOR METHANE AND DUST CONTROL 
by 
Joseph Cervik, Albert S a i n a t ~ , ~  and Maurice Deu13 
ABSTRACT 
T h i s  Bureau o f  Mines r e p o r t  d e a l s  w i t h  w a t e r  i n f u s i o n  o f  coa lbeds ,  which 
can c o n t r o l  methane emiss ion a t  f a c e  a r e a s  d u r i n g  developmental  mining and 
which may sometimes suppress  d u s t .  
S t u d i e s  show t h a t  w a t e r  i n f u s e d  i n t o  t h e  coalbed f lows through t h e  
f r a c t u r e  sys tem and d i s p l a c e s  t h e  methane i n  t h e  f r a c t u r e s  and p r e v e n t s  
m i g r a t i o n  from t h e  s o l i d  c o a l .  Disp laced  g a s  m i g r a t e s  away from t h e  f a c e  a r e a  
t h a t  has  been w a t e r  i n f u s e d  and e n t e r s  t h e  r e t u r n  v e n t i l a t i o n  a i rways.  A 
g r a d u a l  d e c r e a s e  i n  methane emiss ion i s  observed from t h e  s t a r t  o f  i n f u s i o n  
u n t i l  t h e  i n f u s e d  zone i s  mined through.  Depending on t h e  p e r m e a b i l i t y  of t h e  
coa lbed ,  i n f u s i o n  p r e s s u r e s  ranged from 300 t o  2,200 l b / i n 2 .  
Face emiss ions  i n  t h e  Upper K i t t a n n i n g  coalbed were reduced by 89 p c t ;  
r e d u c t i o n s  o f  38 t o  79 p c t  were measured i n  t h e  P i t t s b u r g h  coalbed depending 
on t h e  r e l a t i o n s h i p  between t h e  f a c e  c l e a t  d i r e c t i o n  and mining d i r e c t i o n .  
R e s p i r a b l e  d u s t  l e v e l s  were reduced by about 75 p c t  on a  longwal l  s e c t i o n  i n  _ - -- 
t h e  Pocahontas No. 3  coalbed and by about 50 p c t  on a  development s e c t i o n  ir 
t h e  Upper K i t t a n n i n g  coalbed,  b u t  no s t a t i s t i c a l l y  r e l i a b l e  r e d u c t i o n  was 
found i n  t h e  r e s p i r a b l e  d u s t  l e v e l s  i n  t h e  P i t t s b u r g h  coalbed.  
INTRODUCTION 
Water i n f u s i o n  o f  coa lbeds  i s  a  method o f  c o n t r o l l i n g  methane f lows a t  
a c t i v e  f a c e  a r e a s  and, i n  some c a s e s ,  o f  s u p p r e s s i n g  d u s t  d u r i n g  mining.  
Water i n f u s i o n  i s  p r a c t i c e d  widely  i n  Europe and i s  r e p o r t e d  t o  be t h e  b e s t  
means of combating d u s t  (l5) .* 
Superv i sory  g e o p h y s i c i s t .  
 inin in^ e n g i n e e r i n g  t e c h n i c i a n .  
3 ~ e s e a r c h  s u p e r v i s o r ,  Methane Cont ro l  and V e n t i l a t i o n .  
A l l  a u t h o r s  a r e  w i t h  t h e  P i t t s b u r g h  Mining and S a f e t y  Research Cente r ,  Bureau 
o f  Mines, P i t t s b u r g h ,  Pa. 
*under l ined  numbers i n  p a r e n t h e s e s  r e f e r  t o  i t e m s  i n  t h e  l i s t  o f  r e f e r e n c e s  a t  
t h e  end o f  t h i s  r e p o r t .  
I n  Germany, e x p e r i e n c e  h a s  shown t h a t  i n f u s i o n  must p r o v i d e  a  minimum of  
1 . 6  g a l  o f  w a t e r  p e r  ton  of  c o a l  t o  s u p p r e s s  d u s t  (2 ) .  German r e g u l a t i o n s  
r e q u i r e  i n f u s i o n  of c o a l b e d s  where p o s s i b l e  and o v e r  50 p c t  o f  t h e i r  l o n g w a l l s  
a r e  i n f u s e d  (I&). I n  France ,  w a t e r  i n f u s i o n  i s  t h e  b a s i c  d u s t  p r e v e n t i o n  
t e c h n i q u e  (8). Water i n f u s i o n  i s  wide ly  p r a c t i c e d  and c o v e r s  89 p c t  o f  t h e  
c o a l  produced i n  t h e  n o r t h e r n  c o a l f i e l d s .  I n  Belgium (g), a  q u a n t i t y  of 
i n f u s e d  w a t e r  e q u i v a l e n t  t o  about  2 .4  g a l / t o n  of c o a l  s u p p r e s s e s  95 p c t  of  t h e  
p a r t i c l e s  between 0 . 5  and 5  microns  produced a t  t h e  f a c e .  
Water i n f u s i o n  i s  n o t  p r a c t i c e d  a s  wide ly  i n  t h e  Uni ted  Kingdom a s  on t h e  
C o n t i n e n t  (9 ) .  I n  t h e  Welsh c o a l f i e l d ,  " s h o r t  hole1'  i n f u s i o n  i s  c a r r i e d  o u t  
a t  t h e  f a c e  bu t  w i t h  d o u b t f u l  e f f e c t i v e n e s s ,  and i n  t h e  S t a d f o r d s h i r e  c o a l -  
f i e l d ,  no s i g n i f i c a n t  improvements i n  d u s t  c o n d i t i o n s  were no ted  d u r i n g  a n  
i n f u s i o n  t e s t .  I n  t h e  Durham and L a n c a s h i r e  c o a l f i e l d s ,  i n f u s i o n  i s  p r a c t i c e d  
e f f e c t i v e l y  on r e t r e a t  mining;  d u s t  r e d u c t i o n  of  50 p c t  i s  r e p o r t e d  on t h r e e  
Durham f a c e s  and somewhat lower  on t h e  L a n c a s h i r e  c o a l  f a c e s .  
I n  t h e  Uni ted  S t a t e s ,  a  s t u d y  on a  r e t r e a t i n g  longwal l  i n  t h e  Pocahontas  
No. 3 coalbed showed t h a t  b o t h  t o t a l  and r e s p i r a b l e  d u s t  l e v e l s  were  reduced 
40 t o  79 p c t  by i n f u s i o n  (6 ) .  Morton (12) found w a t e r  i n f u s i o n  of  longwal l  
f a c e s  i n  t h e  Eag le  coalbed a t  Carbon F u e l  Co. No. 20 Mine t o  be  an  e f f e c t i v e  
and economical  means o f  c o n t r o l l i n g  a i r b o r n e  d u s t  c r e a t e d  by t h e  mining 
o p e r a t i o n .  
T h i s  r e p o r t  a t t e m p t s  t o  p r e s e n t  t h e  mechanics of w a t e r  i n f u s i o n  i n  a  
s imple  manner s o  t h a t  c o a l  p roducers  u n f a m i l i a r  w i t h  f l u i d  dynamics w i l l  under-  
s t a n d  t h e  p r o c e s s .  It  i s  i n t e n d e d  a s  a  gu ide  f o r  d i a g n o s i n g  and s o l v i n g  
problems a s s o c i a t e d  w i t h  t h e  a p p l i c a t i o n  o f  w a t e r  i n f u s i o n  by mine p e r s o n n e l  
and d e s c r i b e s  equipment and p rocedures  f o r  accompl ishing d r i l l i n g  and i n f u s i o n  
th rough  s h o r t  h o r i z o n t a l  h o l e s .  
EUROPEAN DRILLING AND INFUSION PROCEDURES 
The predominant mining sys tem i n  t h e  Uni ted  Kingdom and Europe i s  t h e  
advancing longwal l .  I n  t h e  Uni ted  Kingdom ( 9 ) ,  f o r  example, o n l y  7  p c t  o f  t h e  
840 major  longwal l  f a c e s  a r e  worked on r e t r e a t .  The i n t e g r a t i o n  o f  a  d r i l l i n g  
and i n f u s i o n  phase  i s  more d i f f i c u l t  on an advancing l o n g w a l l  t h a n  on a  
r e t r e a t i n g  one.  F i g u r e  1 shows t h r e e  European p rocedures  f o r  i n f u s i n g  advanc- 
i n g  l o n g w a l l s  ( 2 ) :  
1. H o r i z o n t a l  h o l e s  a r e  d r i l l e d  i n t o  t h e  f a c e  t o  a  d e p t h  o f  approx i -  
ma te ly  t h e  d a i l y  advance of  t h e  p a n e l  ( sha l low i n f u s i o n ) .  The d i s t a n c e  
between h o l e s  i s  about  t w i c e  t h e  l e n g t h  of  t h e  h o l e s .  Thus, i f  t h e  d a i l y  
advance r a t e  i s  10 f t ,  h o l e  l e n g t h  i s  10 f t  and t h e  d i s t a n c e  between h o l e s  i s  
20 f t .  I f  t h e  p a n e l  i s  400 f t  wide,  about  20 h o l e s  a r e  n e c e s s a r y  t o  i n f u s e  
t h e  p a n e l .  I n  some i n s t a n c e s ,  h o l e s  a r e  d r i l l e d  t o  d e p t h s  o f  abou t  40 f t  
(deep i n f u s i o n ) .  The s p a c i n g  between h o l e s  i s  80 f t  and on a  4 0 0 - f t  f a c e ,  
about  f i v e  h o l e s  a r e  r e q u i r e d .  
2 .  The second p rocedure  i s  known a s  remote i n f u s i o n ,  o r  i n f u s i o n  from 
o u t s i d e  of  t h e  mined c o a l b e d .  I f  t h e r e  i s  a  roadway above t h e  p a n e l  be ing  
Shallow infusion 
R = doily advanc 
a =  24' 
Deep infusion 
IP= 40 ft 
0 -  80 f t  
A FACE INFUSION 
6 REMOTE INFUSION 
:e rate 
C INFUSION FROM ADVANCE ROADS 
FIGURE 1. - European infusion methods, 
t h e  i n fus ion  hoses a r e  damaged when t h e  t o p  c o a l  1 
mined, ho l e s  a r e  d r i l l e d  
downward from t h i s  roadway 
i n t o  t h e  pane l  and infused  
cont inuously.  
3 .  A t h i r d  procedure 
i s  i n f u s i o n  from advanced 
g a t e  roads i n  which ho le s  
a r e  d r i l l e d  a t  an angle  of 
70' r e l a t i v e  t o  t h e  a x i s  of 
t h e  roadway. Hole depth 
ranges from about 60 t o  120 
f t .  I n fus ion  hose i s  
grouted i n t o  t h e  ho l e  f o r  
d i s t a n c e s  of 45 t o  60 f t .  
Each of  t h e s e  methods 
has  s e r i o u s  l i m i t a t i o n s .  
Shallow i n f u s i o n  i n  t h e  f ace  
of t h e  panel ,  where l a r g e  
numbers of  ho les  a r e  d r i l l e d  
and infused  d a i l y ,  can de l ay  
product ion.  This  method 
works w e l l  where manpower 
and equipment a r e  a v a i l a b l e  
t o  complete t h e  d r i l l i n g  and 
i n f u s i o n  phases i n  one s h i f t .  
Although deep i n f u s i o n  
r e q u i r e s  fewer holes ,  more 
t i m e  i s  needed t o  i n f u s e  a 
l a r g e r  volume of coa l .  I n  
France, cont inuous f a c e  
i n f u s i o n  is p rac t i ced  i n  
c e r t a i n  s p e c i a l  s i t u a t i o n s  
on plow f a c e s  (2). In fus ion  
ho le s  a r e  d r i l l e d  i n  t h e  
upper p a r t  of  t h e  coalbed 
and i n f u s i o n  i s  performed 
dur ing  mining. A plow mines 
t h e  lower po r t i on  of  t h e  
coalbed and t h e  t op  c o a l  
wi th  t h e  ho l e s  f a l l s .  Con- 
t inuous  i n fus ion  can be 
c a r r i e d  ou t  only on plow 
f a c e s  t h a t  advance 
slowly. I n  some cases ,  
f a l l s .  
With remote i n f u s i o n  o r  i n fus ion  from o u t s i d e  t he  coalbed, harder  o r  more 
ab ra s ive  rocks make d r i l l i n g  more expensive and r e q u i r e  s p e c i a l  d r i l l s .  Th i s  
method i s  not  used widely.  
D r i l l i n g  o f  h o l e s  i n  t h e  advance g a t e  r o a d s  d o e s  show promise ,  p r o v i d i n g  
c e r t a i n  o p e r a t i o n a l  problems can  b e  s o l v e d .  A t  p r e s e n t ,  advance head ings  on 
h i g h  o u t p u t  f a c e s  i n  Germany (2) a r e  ahead o f  t h e  f a c e  o n l y  about  75 t o  89  f t ,  
even though t h e s e  h e a d i n g s  a r e  manned 24 h o u r s .  T h e r e f o r e ,  h o l e s  a r e  d r i l l e d  
on weekends o n l y .  I f  problems deve lop  d u r i n g  t h e  d r i l l i n g  o r  s e a l i n g  o f  t h e  
h o l e ,  i n f u s i o n  must be  pos tponed u n t i l  t h e  f o l l o w i n g  weekend. I n  F rance  (9, 
l o n g w a l l s  a r e  i n f u s e d  f rom t h e  advance g a t e  r o a d s  and complemented by i n f u s i o n  
i n t o  t h e  f a c e  o f  t h e  longwal l .  
I n  s p i t e  o f  t h e  o p e r a t i o n a l  d i f f i c u l t i e s  o f  i n c o r p o r a t i n g  d r i l l i n g  and 
i n f u s i o n  c y c l e s  on an advanc ing  l o n g w a l l  and n o t  w i t h s t a n d i n g  p r o d u c t i o n  
d e l a y s ,  w a t e r  i n f u s i o n  f o r  d u s t  s u p p r e s s i o n  i s  a  widespread  p r a c t i c e  i n  
Europe.  
COALBED CHARACTERISTICS 
Coalbeds  a r e  n a t u r a l l y  f r a c t u r e d  and can  b e  c h a r a c t e r i z e d  a s  b e i n g  made 
o f  f r a c t u r e s  and m a t r i x  ( s o l i d  c o a l )  (3 ) .  G e n e r a l l y ,  t h e r e  a r e  a t  l e a s t  two 
sets o f  v e r t i c a l  f r a c t u r e s  t h a t  i n t e r s e c t  a t  r i g h t  a n g l e s  t o  form an  i n t e r -  
connec ted  network th roughou t  t h e  coa lbed  (11). These  two f r a c t u r e  sys tems a r e  
known a s  f a c e  and b u t t  c l e a t s .  
The m a t r i x  ( s o l i d  c o a l )  p l a y s  no p a r t  i n  t h e  i n f u s i o n  p r o c e s s .  Al though 
i t  c o n t a i n s  an  i n t e r c o n n e c t e d  p o r e  system, t h e s e  open ings ,  which a r e  abou t  
5 AO (2  by i n c h e s )  i n  d i a m e t e r  (I.), a r e  t o o  s m a l l  t o  p e r m i t  w a t e r  t o  p a s s .  
T h e r e f o r e ,  i n f u s i o n  o f  w a t e r  i n t o  c o a l b e d s  i s  conf ined  t o  t h e  f r a c t u r e  sys tems  
o n l y .  
F r a c t u r e  d e n s i t y  o f  c o a l b e d s ,  t h a t  i s  t h e  number o f  f r a c t u r e s  p e r  i n c h ,  
v a r i e s .  Blocky c o a l s ,  such  a s  t h e  P i t t s b u r g h  and Beckley ,  a r e  c h a r a c t e r i z e d  
by a  f r a c t u r e  s p a c i n g  o f  1 t o  6 i n c h e s .  F r i a b l e  c o a l s ,  such  a s  p a r t s  o f  t h e  
F r e e p o r t ,  K i t t a n n i n g ,  and Pocahontas  No. 3 c o a l b e d s ,  a r e  c h a r a c t e r i z e d  by a  
f r a c t u r e  s p a c i n g  o f  about  o n e - f o u r t h  o f  a n  i n c h .  The a b i l i t y  o f  a  coa lbed  to  
t r a n s m i t  f l u i d s ,  such  a s  w a t e r  and methane,  i s  de te rmined  by i t s  f r a c t u r e  
sys tems  and i s  c a l l e d  t h e  f r a c t u r e  p e r m e a b i l i t y .  G e n e r a l l y ,  b locky  c o a l b e d s  
a r e  more permeable t h a n  f r i a b l e  c o a l b e d s .  
INFUSION PROCEDURES 
Al though t h e  m i g r a t i o n  o f  w a t e r  th rough  a  coa lbed  d u r i n g  i n f u s i o n  c a n n o t  
b e  obse rved ,  a s s o c i a t e d  problems can  be  d iagnosed  and s o l v e d  i f  t h e  mechanics  
o f  i n f u s i o n  a r e  unders tood .  D e f i n i t e  r e l a t i o n s h i p s  e x i s t  among p a r a m e t e r s  
s u c h  a s  h o l e  l e n g t h ,  s p a c i n g  between h o l e s ,  q u a n t i t y  o f  i n f u s e d  w a t e r ,  and 
p a n e l  or s e c t i o n  w i d t h .  
I n f u s i o n  o f  a  Development S e c t i o n  
F i g u r e  2 shows w a t e r  b e i n g  pumped down a  w e l l  b o r e  and f o r c e d  under  p r e s -  
s u r e  i n t o  a  c o a l b e d .  The w a t e r  f low r a t e  w i l l  be  governed by t h e  w a t e r  p r e s -  
s u r e  i n  t h e  w e l l  b o r e  and t h e  f r a c t u r e  p r e m e a b i l i t y  o f  t h e  coa lbed .  F i g u r e  3 
i s  a  p l a n  v iew of t h e  m i g r a t i o n  o f  w a t e r  t h r o u g h  t h e  c o a l b e d .  The f r a c t u r e  
p e r m e a b i l i t y  of  t h e  coa lbed  
.,.I \:. h a s  been assumed t o  b e  
c o n s t a n t  and t h e  same i n  a l l  
d i r e c t i o n s .  T h i s  c o n d i t i o n  
i s  met by f r i a b l e  c o a l b e d s ,  
such a s  t h e  F r e e p o r t ,  
K i t t a n n i n g ,  and Pocahontas  
No. 3. Under t h i s  assump- 
. . t i o n ,  t h e  w a t e r  moves away 
- ,  ' - -  from t h e  w e l l  b o r e  un i fo rmly  
-- i n  a l l  d i r e c t i o n s  and t h e  
c i r c l e s  i n  f i g u r e  3  show t h e  
S U C C ~  s s i v e  p o s i t  i o n s  o f  t h e  
w a t e r f r o n t .  
FIGURE 2. - Flow into coalbed through vertical borehole. 
F i g u r e  4  shows a  c o a l -  
bed b e i n g  i n f u s e d  by two 
w e l l s  s e p a r a t e d  by a  
d i s t a n c e ,  d .  The w a t e r -  
f r o n t s  from each  w e l l  w i l l  
Successive flood Well e v e n t u a l l y  merge and con- 
fronts t i n u e  a s  one o v a l  f r o n t .  I f  
bore t h r e e  o r  more w e l l s  a r e  used,  
t h e  r e s u l t i n g  i n f u s e d  zone 
w i l l  become o v a l  shaped.  
I n  t h e  c a s e  o f  hor izon-  
t a l  h o l e s  d r i l l e d  under-  
ground i n t o  c o a l b e d s ,  w a t e r  
FIGURE 3. - Migration of waterfront through coalbed. should  e n t e r  t h e  coalbed from 
a  s m a l l  segment (10 t o 1 5 f t )  a t  t h e  r e a r  o f  t h e  h o l e .  T h i s  c o n d i t i o n  can be  
met by f i l l i n g  t h e  h o r i z o n t a l  h o l e  w i t h  i n f l a t a b l e  p a c k e r s  ( f i g .  5 ) .  Good 
r e s u l t s  a r e  o b t a i n e d  when 5 - f t  p a c k e r s  a r e  connected w i t h  5 - f t  l e n g t h s  o f  
p i p e  (2). I f  t o o  few p a c k e r s  a r e  used,  t h e  w a t e r  a t  t h e  r e a r  of t h e  h o l e  
t e n d s  t o  s h o r t  c i r c u i t  a long  t h e  h o l e  i n s t e a d  of p e n e t r a t i n g  t h e  c o a l b e d .  As 
an a l t e r n a t e  procedure ,  314- o r  1 - i n c h  p l a s t i c  p i p e  can be  g rou ted  i n t o  t h e  
h o r i z o n t a l  h o l e  (6). 
Methane Flows During I n f u s i o n  
F i g u r e  6 shows t h e  s t a r t  of i n f u s i o n  i n  a 4 - f t  t h i c k  c o a l b e d .  Water 
f lows  i n t o  t h e  coalbed from t h e  r e a r  o f  a  1 2 5 - f t  h o r i z o n t a l  h o l e .  A s  t h e  
w a t e r f r o n t ,  which h a s  t h e  shape of  a  r i g h t  c i r c u l a r  c y l i n d e r ,  moves outward,  
w a t e r  which i s  b e i n g  pumped i n t o  t h e  coa lbed  a t  a  r a t e  of 15 ga l /min ,  f o r  
example, moves outward th rough  t h e  s i d e s o f t h i s  imaginary  c y l i n d e r  a t  t h e  same 
r a t e ,  because  w a t e r  i s  i n c o m p r e s s i b l e .  When t h e  c y l i n d e r  i s  50 f t  i n  r a d i u s ,  
t h e  l a t e r a l  s u r f a c e  a r e a  of  t h e  c y l i n d e r  i s  about  1,256 f t 2 .  T h e r e f o r e ,  w a t e r  
i s  f lowing  th rough  each s q u a r e  f o o t  of  l a t e r a l  s u r f a c e  a r e a  of  t h e  c y l i n d e r  a t  
a  r a t e  of 0.012 g a l / m i n / f t 2 .  Methane i s  b e i n g  d i s p l a c e d  by t h e  w a t e r  a t  t h e  
same r a t e  o r  0.0016 f t 3 / m i n / f t 2 .  
Jus t  before  the  water f ront  reaches 
t h e  mine opening, t h e  r ad ius  of t he  c i r -  
c u l a r  cy l inde r  i s  about 125 f t .  Water 
flow r a t e  through the  cy l inde r  s i d e  i s  
0.005 ga l /min / f t2  and methane i s  being 
d isp laced  i n t o  t h e  mine opening a t  t h e  
same r a t e  o r  0.0007 f t3 /min / f t2 .  I f  t h e  
average gas p re s sa re  i n  t he  coalbed i s  
300 l b / i n 2 ,  t h e  methane flow r a t e  w i l l ,  
i n  f i r s t  approximation, be 20 times 
g r e a t e r  o r  0.14 f t3 /min/ f  t2 .  Assuming 
a  f ace  a rea  of 80 f t 2  (20 by 4  f t ) ,  t h e  
4 d t o t a l  methane flow r a t e  through the  f a c e  D 
due t o  i n fus ion  i s  1.1 ft3/min.  This  i s  
FIGURE 4. - Waterfront of two wells. bare ly  de t ec t ab le ,  even i f  only 
3,000 f t 3 / m i n o f a i r  i s  sweeping the  f ace .  
General ly ,  dur ing  water  
i n fus ion  opera t ions ,  two 
events  work aga ins t  each 
o t h e r .  As the  infused zone 
expands, i t  blocks gas flow- 
ing  toward t h e  f ace  from v i r -  
Infusion segment g in  coa l  and consequently 
t h e  flow through the  f ace  of 
FIGURE 5. - Packed hole for water infusion. t he  e n t r y  tends t o  decrease .  
However, a s  t he  water f ront  
moves toward the  face ,  methane i s  pushed ahead of i t ,  which would tend t o  
i nc rease  gas flow through t h e  f ace .  However, observa t ions  dur ing  water  i n fu -  
s ion  opera t ions  show no inc rease  i n  methane flow a t  t h e  face ,  Ins tead ,  a  
gradual  decrease i s  observed from the  s t a r t  of i n fus ion  u n t i l  the  water f ront  
breaks through a t  t h e  f ace .  Thus, blocking a c t i o n  of infused water  dominates 
i t s  a c t i o n .  
As water  reaches t h e  f ace  of t h e  e n t r y  near  t h e  hole ,  i t  spreads u n t i l  
t h e  f ace  i s  covered. The c a l c u l a t i o n s  based on t h e  example above show t h a t  
t h e  water  flow r a t e  from the  f ace  i s  about 0.005 ga l /min/ f t " .  Water appears 
on t h e  face  a s  d r o p l e t s  of water .  When t h e  face  a rea  (80 f t 2 )  i s  completely 
covered wi th  d r o p l e t s ,  t he  flow r a t e  i n t o  the  e n t r y  i s  0.4 gal/min. Infus ion  
i s  continued u n t i l  d r o p l e t s  of water a r e  observed f o r  a  sho r t  d i s t a n c e  along 
t h e  r i b .  I f  t h e  f l o o r  i s  d e t e r i o r a t e d  by water,  i n fus ion  should be terminated 
when water  d r o p l e t s  cover t he  f ace .  
Location and Length of Horizontal  Holes 
A t y p i c a l  s ec t ion  advancing i n t o  v i r g i n  c o a l  may be about 500 f t  wide. 
To reduce methane flows through the  sec t ion  f aces ,  a  continuous waterbank must 
be emplaced t o  form a  b a r r i e r  ac ros s  t h e  width of t h e  sec t ion .  This  prevents  
methane from flowing toward t h e  f aces  and rou te s  i t  around t h e  water  infused 
zone, allowing i t  t o  e n t e r  t h e  mine opening through t h e  r i b s  outby t h e  f ace  
a r e a s  of the  sec t ion .  
FIGURE 6. - Water infusion of coalbed through a horizontal hole. 
The emplacement of a waterbank a c r o s s  t h e  s e c t i o n  r e q u i r e s  two o r  more 
h o r i z o n t a l  h o l e s ,  depending on t h e  l e n g t h  of t h e  h o l e s .  G e n e r a l l y ,  h o r i z o n t a l  
h o l e s  125 t o  150 it i n  l e n g t h  can be  d r i l l e d  w i t h  handheld d r i l l  equipment 
used underground. I n  some mines,  e n t r i e s  a r e  advanced i n  about 1 0 0 - f t  i n c r e -  
ments .  I n t e g r a t i n g  a d r i l l i n g  and i n f u s i o n  phase  i n t o  a mining c y c l e  p r e s e n t s  
no s p e c i a l  problems when 125- t o  1 5 0 - f t  long h o l e s  a r e  d r i l l e d .  
F i g u r e  7 i s  a schemat ic  of t h e  i n f u s i o n  of a coalbed th rough  a packed 
h o r i z o n t a l  ho le  (125 f t ) .  When t h e  w a t e r f r o n t  f i r s t  r e a c h e s  t h e  mine opening,  
t h e  d i a m e t e r  of t h e  i n f u s e d  zone i s  about  250 f t .  The second h o l e  should be  
d r i l l e d  140 t o  170 f t  from t h e  h o l e  shown i n  f i g u r e  7 .  When break through  
occurs ,  t h e  i n f u s e d  zones  o f  e a c h  h o l e  w i l l  merge l i k e  t h o s e  i n  f i g u r e  4. 
T h i s  procedure  i s  r e p e a t e d  w i t h  two a d d i t i o n a l  h o l e s  t o  produce a con t inuous  
waterbank a c r o s s  t h e  s e c t i o n  ( f i g .  8 ) .  
There  i s  no p r e f e r r e d  sequence of i n f u s i n g  h o r i z o n t a l  ho les .  They may be  
i n f u s e d  s imul taneous ly  o r  i n  sequence as t h e y  a r e  d r i l l e d .  The impor tan t  
t h i n g  i s  t o  l e a v e  no p a r t i a l l y  i n f u s e d  zones  where methane can f u n n e l  through 
t o  t h e  mine opening.  
D i r e c t i o n a l  P e r m e a b i l i t i e s  
Successive flood When t h e  p e r m e a b i l i t y  o f  t h e  b u t t  
c l e a t  i s  a p p r e c i a b l y  d i f f e r e n t  from t h a t  
o f  t h e  f a c e  c l e a t ,  t h e  s u c c e s s i v e  s t a g e s  
o f  t h e  w a t e r f r o n t  a r e  d i s t o r t e d  i n t o  an  
e l l i p t i c a l  shape i n s t e a d  of  b e i n g  c i r -  
c u l a r  ( f i g .  8 ) .  I n  t h e  P i t t s b u r g h  and 
Beckley c o a l b e d s ,  which e x h i b i t  s t r o n g  
d i r e c t i o n a l  p e r m e a b i l i t y ,  w a t e r  m i g r a t e s  
f a s t e r  a l o n g  t h e  f a c e  c l e a t  t h a n  a l o n g  
t h e  b u t t  c l e a t .  
I n  f i g u r e  9 ,  t h e  more permeable 
FIGURE 7, - Completed infusion of  one hole, f a c e  c l e a t  i s  pe rpend j -cu la r  t o  t h e  d i r e c -  
t i o n  o f  advance o f  t h e  s e c t i o n .  T h i s  i s  
Note : Length of holes = 125 f t  an i d e a l  s i t u a t i o n  because  
t h e  w a t e r  t e n d s  t o  run  
a c r o s s  t h e  s e c t i o n .  Four  
e q u a l l y  spaced h o l e s  a c r o s s  
a  5 0 0 - f t  s e c t i o n  w i l l  
emplace a  waterbank f r e e  o f  
un in fused  o r  p a r t i a l l y  
i n f u s e d  r e g i o n s .  
I n  f i g u r e  10,  t h e  f a c e  
c l e a t  i s  i n  t h e  d i r e c t i o n  o f  
advance o f  t h e  s e c t i o n .  At 
b reak th rough ,  t h e  d i s t a n c e  
of m i g r a t i o n  of  t h e  wa te r -  
f r o n t  a c r o s s  t h e  s e c t i o n  i s  
much less t h a n  i n  t h e  d i r e c -  
t i o n  o f  advance o f  t h e  
s e c t i o n .  D r i l l i n g  and i n f u s -  
i n g  f o u r  h o l e s  a c r o s s  a  
5 0 0 - f t  s e c t i o n  can  r e s u l t  i n  
a n  i n f u s e d  zone where c o a l  
between h o l e s  may n o t  have 
been swept by w a t e r  ( f i g .  1 1 ) .  
Such zones  pe rmi t  methane t o  
FIGURE 8. - Water-infused section. b l e e d  th rough  t o  t h e  f a c e s  
of  t h e  s e c t i o n ,  t h e r e b y  mak- 
i n g  t h e  b l o c k i n g  a c t i o n  o f  w a t e r  l e s s  e f f e c t i v e .  S i x  h o r i z o n t a l  h o l e s  may b e  
n e c e s s a r y  t o  emplace a  w a t e r  bank a c r o s s  t h e  s e c t i o n .  
Butt cleat 
direction 
FIGURE 9. - E l  l ip t i ca l  waterfronts for face cleat perpendicular to sect ion advance direct ion. 
t 
E f f e c t  o f  Mine Opening 
Face cleat 
d i recti0n The p r o x i m i t y  o f  t h e  
i n f u s i o n  segment o f  t h e  h o r i -  - Butt cleat 
direction z o n t a l  h o l e  . to t h e  mine open- 
i n g  a f f e c t ' s  t h e  shape  o f  t h e  
Section advance w a t e r f r o n t ,  a l t h o u g h  t h e  
direction e f f e c t  i s  n o t  a s  c r i t i c a l  i n  
.I7 
t f i g u r e s  8 and 9 a s  i t  i s  i n  - - 
f i g u r e  11. As t h e  w a t e r -  
FIGURE 10. - E l l i p t i ca l  waterfronts for face cleat f r o n t  m i g r a t e s  toward the 
to  sect ion advance direction. opening,  t h e  e l l i p t i c a l  
shape  i s  d i s t o r t e d .  T h i s  
d i s t o r t i o n  i s  c a l l e d  c u s p i n g  
(12). F i g u r e  1 2  shows t h e  c u s p i n g  o f  s u c c e s s i v e  s t a g e s  o f  t h e  w a t e r f r o n t  a s  
i t  t r a v e l s  toward  t h e  mine open ing .  Cusping c a u s e s  p rematu re  b r e a k t h r o u g h  o f  
t h e  w a t e r f r o n t  w i t h  a  c o r r e s p o n d i n g  d e c r e a s e  i n  l a t e r a l  m i g r a t i o n .  
E f f e c t  o f  Gas P r e s s u r e  i n  Coalbed 
Gas p r e s s u r e  i n c r e a s e s  w i t h  d i s t a n c e  i n t o  t h e  coa lbed  from t h e  mine open- 
i n g .  T h e r e f o r e ,  d u r i n g  w a t e r  i n f u s i o n ,  t h e  w a t e r f r o n t  f a r t h e s t  f rom t h e  mine 
open ing  e n c o u n t e r s  a  g r e a t e r  r e s i s t a n c e  t h a n  one c l o s e r  t o  t h e  mine open ing .  
Because  o f  t h e  low g a s  p r e s s u r e  i n  t h e  P i t t s b u r g h  c o a l b e d  a t  a  d e p t h  o f  100 f t  
( l e s s  t h a n  30 Lb/ in2g) ,  d i s t o r t i o n  o f  t h e  w a t e r f r o n t  due  t o  g a s  p r e s s u r e  
shou ld  n o t  b e  a s  pronounced a s  t h e  e f f e c t s  o f  t h e  mine open ing  o r  d i r e c t i o n a l  
Gas f l ow  
nnnri t i r  
FIGURE 11. - Water-infused section for face cleat para[- 
let to section advance direct ion. 
p e r m e a b i l i t i e s .  However, i n  
c o a l b e d s  such  a s  t h e  Poca-  
h o n t a s  No. 3 ( l o ) ,  - where  t h e  
g a s  p r e s s u r e  i s  a b o u t  600 
1 b / i n z g  a t  a  d e p t h  o f  100 f t  
i n t o  c o a l ,  i t s  e f f e c t  c o u l d  
b e  a s  i m p o r t a n t  a s  t h a t  o f  
t h e  mine o p e n i n g  o r  t h e  
d i r e c t i o n a l  p e r m e a b i l i t i e s .  
I n f u s i o n  o f  a  R e t r e a t i n g  
Longwal l  
U n l i k e  a  room-and- 
p i l l a r  s e c t i o n ,  a  r e t r e a t i n g  
l o n g w a l l  can  b e  i n f u s e d  w i t h  
f 
one  o r  a t  most  two h o l e s  d r i l l e d  f rom 
Face cleat t h e  r i b  s i d e s  o f  t h e  p a n e l  ( f i g .  1 3 ) .  
direct ion T h e r e a f t e r ,  t h e  w a t e r  s p r e a d s  t h r o u g h  - Butt cleat t h e  p a n e l  i n  much t h e  same way a s  i n  
direction r o o m - a n d - p i l l a r  i n f u s i o n .  To i n f u s e  a  
Formation of 5 0 0 - f t  p a n e l  w i t h  one  h o l e  d r i l l e d  f rom 
t h e  r i b  s i d e ,  t h e  h o l e  i s  d r i l l e d  t o  a  
d e p t h  o f  a b o u t  275 f t  wh ich  i s  abou t  
25  f t  beyond t h e  c e n t e r l i n e  o f  t h e  p a n e l .  
P l a s t i c  p i p e  i s  g r o u t e d  i n t o  t h e  h o l e  t o  
a p p r o x i m a t e l y  255 f t ,  l e a v i n g  abou t  50 
f t  o f  open h o l e  f o r  i n f u s i o n  o f  t h e  
p a n e l .  When c o m p l e t e l y  i n f u s e d ,  w a t e r  
FIGURE 12. - Cusping of waterfront. w i l l  have  t r a v e l e d  abou t  225 f t  t o  t h e  
l e f t  and r i g h t  o f  t h e  h o l e  and t o  b o t h  
r i b s  o f  t h e  p a n e l .  The t o t a l  q u a n t i t y  o f  i n f u s e d  w a t e r  w i l l  b e  abou t  15 ,000  
g a l / f t  o f  c o a l b e d  h e i g h t .  F r a c t u r e  p o r o s i t y  o f  t h e  c o a l b e d  i s  assumed t o  be  
1 p c t .  F o r  t h e  two a d j a c e n t  i n f u s e d  zones  t o  merge ,  t h e  a d j a c e n t  h o l e  s h o u l d  
b e  spaced  a p p r o x i m a t e l y  400 f t  o r  l e s s  f rom t h e  i n f u s e d  h o l e .  
A n a l t e r n a t e p r o c e d u r e  i s  t o  d r i l l  and i n f u s e  f rom b o t h  s i d e s  o f  t h e  p a n e l .  
Two h o l e s  a r e  d r i l l e d  t o  a  d e p t h  o f  150 f t  and p l a s t i c  p i p e  i s  g r o u t e d  t o  a  
d e p t h  o f  135 f t .  When b o t h  h o l e s  a r e  i n f u s e d ,  t h e  i n f u s e d  zones  f rom e a c h  
h o l e  w i l l  merge and w a t e r  w i l l  have  s p r e a d  a b o u t  135 f t  t o  t h e  l e f t  and r i g h t  
o f  t h e  h o l e s .  The a d j a c e n t  p a i r  o f  h o l e s  s h o u l d  b e  l o c a t e d  a b o u t  200 f t  o u t b y  
t h e  i n f u s e d  h o l e s .  
The u s e  o f  s h o r t  h o l e s  d r i l l e d  and i n f u s e d  f rom b o t h  s i d e s  o f  t h e  p a n e l  
i s  recommended. Long h o l e s  a r e  d i f f i c u l t  t o  d r i l l  b e c a u s e  t h e y  may t e r m i n a t e  
p r e m a t u r e l y  i n  t h e  r o o f  o r  f l o o r  r o c k .  They a r e  a l s o  more d i f f i c u l t  t o  g r o u t  
s i n c e  t h e  g r o u t  may s e t  p r e m a t u r e l y  b e c a u s e  o f  t h e  g r e a t e r  l e n g t h .  P o s s i b l e  
d i s a d v a n t a g e s  o f  d r i l l i n g  from b o t h  s i d e s  o f  t h e  p a n e l  a r e  t h a t  power may n o t  
b e  a v a i l a b l e  on b o t h  s i d e s  o f  t h e  p a n e l  and t h a t  d r i l l i n g  s p a c e  i s  l i m i t e d  
b e c a u s e  o f  t h e  conveyor  b e l t .  However, b o t h  t h e s e  d i s a d v a n t a g e s  c a n  b e  
avo ided  by d r i l l i n g  t h e  h o l e s  d u r i n g  t h e  development  o f  t h e  p a n e l .  
- 
Scale, ft 
FIGURE 13. - Infusion of longwall with one or two holes. 
inby methane flow r a t e s  i s  t h e  flow r a t e  of meth 
r i b s  of t h e  s ec t i on .  
CASE STUDIES 
Met hane 
Severa l  water  i n fus ion  
s t u d i e s  i n  f r i a b l e  andblocky 
coalbeds can se rve  t o  i l l u s -  
t r a t e  procedures ,  problems, 
and s o l u t i o n s .  Figure 14 i s  
a  schematic of a  500-f t  wide 
developmental s e c t  i on .  The 
number of e n t r i e s  may range 
from s i x  t o  n ine ,  and gener- 
a l l y ,  a  s p l i t  system of 
v e n t i l a t i o n  i s  employed. 
Four h o r i z o n t a l  ho les  were 
spaced ac ros s  t he  s e c t i o n ;  
one i n  each o u t s i d e  r e t u r n ,  
and t h e  two o t h e r s  spaced 
ac ros s  t h e  i n s i d e  e n t r i e s .  
Each hole  was angled a few 
degrees  o f f  t he  pro jec ted  
development of  t h e  e n t r y  and 
infused  w i t h  water .  
Methane record ing  
ins t ruments  were set up i n  
t h e  immediate r e t u r n s .  The 
sum of t h e  read ings  o f  t h e  
inby ins t ruments  g ives  t h e  
t o t a l  methane flow r a t e  from 
t h e  f aces  of  t h e  s e c t i o n .  
Two o t h e r  s e t s  of ins t ruments  
were s e t  up i n  t h e  r e t u r n s  
about 600 f t  outby t h e  f aces  
of t h e  s e c t i o n .  The sum of  
t h e  two outby instrument  
read ings  g ives  t h e  t o t a l  
methane flow r a t e  from t h e  
f a c e s  o f  t h e  s ec t i on  and t h e  
two o u t s i d e  r i b s .  The d i f -  
fe rence  between outby and 
le through t h e  two o u t s i d e  
A f i r s t  study was conducted i n  t h e  P i t t s b u r g h  coalbed i n  a  s e c t i o n  where 
t h e  more permeable f ace  c l e a t  was a t  r i g h t  angles  t o  t h e  d i r e c t i o n  of s e c t i o n  
advance (5). Refer r ing  t o  f i g u r e  9, t h i s  i s  an i d e a l  condi t ion  because water  
t ends  t o  run ac ros s  t h e  s e c t i o n  f a s t e r  than toward t h e  mine opening. A cont in-  
uous waterbank i s  emplaced ac ros s  t h e  s ec t i on ,  l eav ing  no zones where methane 
can funnel  through. F igure  15  shows t h e  e f f e c t  of  t h e  waterbank on methane 
f lows i n  t h e  f ace  a r e a s  dur ing  mining. 
~ - I Hole No.4 
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The methane flow r a t e  
from t h e  f a c e s  o f  t h e  sec -  
t i o n  ( inby curve)  averaged 
132 f  t3/min b e f o r e  i n f u s i o n  
and 28 f t3 /min a f t e r  
i n f u s i o n .  The average f low 
r a t e  was t h u s  reduced approx- 
i m a t e l y  79  p c t .  The average  
methane f low r a t e  a t  t h e  
ou tby  s t a t i o n s  decreased  
from 243 b e f o r e  i n f u s i o n  
t o  166 f t3 /min a f t e r  i n f u -  
s i o n ,  a  d e c r e a s e  of about 
32 p c t .  As a l r e a d y  no ted ,  
t h e  d i f f e r e n c e  between t h e  
inby  and o u t b y  flow r a t e s  
r e p r e s e n t s  t h e  q u a n t i t y  o f  
methane e n t e r i n g  t h e  mine 
opening th rough  t h e  two o u t -  
s i d e  r i b s - - 1 1 1  f t3 /min  
b e f o r e  i n f u s i o n  and 138 
f t3 /min  a f t e r  i n f u s i o n .  
T h i s  24-pct i n c r e a s e  shows 
t h a t  t h e  emplaced w a t e r  i s  
d i v e r t i n g  methane from t h e  
f a c e  a r e a s  t o  t h e  o u t s i d e  
r i b s .  
A  second s t u d y  was 
conducted i n  a  s e c t i o n  
( P i t t s b u r g h  coalbed)  advanc- 
i n g  p a r a l l e l  t o  t h e  more p e r -  
meable f a c e  c l e a t .  R e f e r r i n g  FIGURE 14. - Test section showing location of horizontal t o  figure 11, the infused 
holes, methane monitoring stations, and w a t e r  tends to run in t h e  
ventilation plan. d i r e c t i o n  o f  s e c t i o n  advance 
f a s t e r  t h a n  a c r o s s  t h e  
s e c t i o n .  Consequently,  zones which have n o t  been f i l l e d  w i t h  w a t e r  may e x i s t  
between h o l e s  and may permit  methane t o  f u n n e l  th rough  t o  t h e  f a c e s  of t h e  
s e c t  i o n .  
I n  f i g u r e  16,  t h e  average  methane f low r a t e  from t h e  immediate f a c e  a r e a s  
o f  t h e  s e c t i o n  ( inby curve)  i s  265 f t3 /min  b e f o r e  i n f u s i o n  and 165 f t3 /min 
a f t e r  i n f u s i o n ,  t h a t  i s ,  a  38-pct  r e d u c t i o n  i n  methane f low r a t e .  At t h e  
outby s t a t i o n s ,  t h e  methane f low r a t e  h a s  dropped from 306 f t3 /min b e f o r e  i n f u -  
s i o n  t o  208 f t3 /min a f t e r  i n f u s i o n  and r e p r e s e n t s  a 32-pct  r e d u c t i o n .  The 
d i f f e r e n c e  i n  f low r a t e  between outby and inby c u r v e s  i s  4 1  f t3 /min  b e f o r e  
i n f u s i o n  and 43 f t3 /min a f t e r  i n f u s i o n .  
These d i f f e r e n c e s ,  which a r e  n o t  s i g n i f i c a n t ,  i n d i c a t e  t h a t  no l a r g e  
volumes o f  methane a r e  be ing  d i v e r t e d  from t h e  f a c e  a r e a s  t o  the.  o u t s i d e  r i b s .  
TIME, days 
FIGURE 15. - Total methane flow rates from study area where face cleat is perpendicular to 
sect ion advance direct ion. 
To improve t h e  e f f e c t i v e n e s s  of w a t e r  i n f u s i o n ,  two a l t e r n a t i v e s  a r e  a v a i l a b l e .  
The f i r s t  i s  t o  i n c r e a s e  t h e  h o l e  d e p t h  t o  about 200 f t .  The i n f u s e d  w a t e r  
w i l l  t h e n  t end  t o  m i g r a t e  f u r t h e r  a c r o s s  t h e  s e c t i o n  b e f o r e  b reak through  
o c c u r s .  The second a l t e r n a t i v e  i s  t o  l e a v e  h o l e  d e p t h  t h e  same, b u t  t o  
i n c r e a s e  t o  s i x  t h e  number o f  h o l e s  d r i l l e d  a c r o s s  t h e  s e c t i o n .  Each o f  t h e s e  
p rocedures  t e n d s  t o  produce a con t inuous  waterbank a c r o s s  t h e  s e c t i o n .  
The t h i r d  s t u d y  was conducted i n  a f r i a b l e  coalbed (Upper K i t t a n n i n g )  
where f r a c t u r e  p e r m e a b i l i t y  t e n d s  t o  be c o n s t a n t  and t h e  same i n  a l l  d i r e c -  
t i o n s ,  a l l o w i n g  i n f u s e d  w a t e r  t o  spread un i fo rmly  outward from t h e  h o l e  
( f i g .  8) .  I n  t h i s  c a s e ,  methane f low r a t e  from t h e  f a c e s  o f  t h e  s e c t i o n  
averaged 90 f t3 /min b e f o r e  i n f u s i o n  and 10 f t3 /min  a f t e r  i n f u s i o n  ( f i g .  17) .  
T h i s  r e p r e s e n t s  an 89-pct  r e d u c t i o n  i n  methane a t  t h e  f a c e s  d u r i n g  mining.  
TIME, days 
FIGURE 16. - Tota l  methane flow rates from study area where face cleat is parallel to section 
advance direction. 
TIME, days 
FIGURE 17, - Methane flow rates from faces of section in Upper Kittanning coalbed, 
The f o u r t h  and f i n a l  
s t u d y  was conducted i n  t h e  
Upper F r e e p o r t  coa lbed .  
The l e n g t h  of  i n f u s i o n  h o l e s  
ranged from 58 t o  104 f  t . 
Methane m o n i t o r i n g  showed no 
s i g n i f i c a n t  r e d u c t i o n  i n  
methane f low from t h e  f a c e s  
o f  t h e  s e c t i o n ,  a l t h o u g h  
"Ie 47 Io4 f t  e a c h  h o l e  was i n f u s e d  u n t i l  
w a t e r  d r o p l e t s  appeared 
a l o n g  t h e  f a c e ,  because  unin-  
fused  zones  al lowed methane 
t o  m i g r a t e  i n t o  t h e  mine 
opening th rough  t h e  f a c e s  
( f i g .  1 8 ) .  T h i s  example 
i l l u s t r a t e s  t h e  importance  
o f  t h e  r e l a t i o n s h i p  o f  h o l e  
d e p t h  t o  s p a c i n g  o f  h o l e s  
a c r o s s  t h e  s e c t i o n .  I f  t h e  
h o l e s  a r e  t o o  s h o r t ,  un in -  
o 100 fused  r e g i o n s  occur  through u
Scale, ft which methane f u n n e l s  t o  t h e  
mine opening.  A s  a  g e n e r a l  
FIGURE 18. - Test section in  Upper Freeport coalbed. r u l e ,  t h e  d i s t a n c e  between 
t h e  h o l e s  should  be  l e s s  
t h a n  t w i c e  t h e  l e n g t h  o f  t h e  h o l e s  and a l l  h o l e s  shou ld  b e  approx imate ly  t h e  
same l e n g t h .  
Dust -
S e v e r a l  w a t e r  i n f u s i o n  s t u d i e s  f o r  d u s t  c o n t r o l  have been conducted b u t  
n o t  a l l  have been s u c c e s s f u l .  I n  two c a s e s ,  w a t e r  was channeled through l a r g e  
f r a c t u r e s  and s h o r t  c i r c u i t e d  t o  t h e  mine opening.  I n  o t h e r  c a s e s  i n  t h e  
P i t t s b u r g h  and Upper F r e e p o r t  c o a l b e d s ,  v a l i d  c o n c l u s i o n s  could  not  b e  drawn 
b e c a u s e  of  l a r g e  v a r i a t i o n s  i n  d u s t  measurements. However, s e v e r a l  t e s t s  have 
been conducted s u c c e s s f u l l y  and t h e i r  r e s u l t s  a r e  summarized below. 
Tab le  1 shows t h e  r e s u l t s  o f  an i n f u s i o n  t e s t  i n  a  development s e c t i o n  i n  
t h e  Upper K i t t a n n i n g  coa lbed .  Dust l e v e l s  were  reduced by 25 p c t  i n  s p i t e  o f  
a  6 3 - p c t  i n c r e a s e  i n  p r o d u c t i o n .  I f  t h e  d a t a  a r e  c o r r e c t e d  f o r  t h e  i n c r e a s e  
i n  p r o d u c t i o n  and a i r  v e l o c i t y  d u r i n g  p o s t i n f u s i o n  sampl ing,  t h e  d u s t  reduc-  
t i o n  due  t o  w a t e r  i n f u s i o n  i s  about  50 p c t .  
TABLE 1. - I n f u s i o n  o f  development s e c t i o n  
P r e i n f u s i o n . .  . . . 
P o s t i n f u s i o n  .... 
NAP--Not a p p l i c a b l e .  
Average d u s t  
c o n c e n t r a t i o n  
(MRE mg/m3) 
2.4 
1 . 8  
Average 
p r o d u c t i o n  
( t o n s /  s h i f  t )  
67 
109 
Average a i r  
v e l o c i t y  
( f t  /min) 
33 2 
397 
P e r c e n t  
r e d u c t  i o n  
(normal ized)  
NAP 
50 
I n  two t r i a l s  on a  longwal l  i n  t h e  Pocahontas  No. 3 coa lbed ,  an 81-pct  
d u s t  r e d u c t i o n  was ach ieved  i n  t h e  i n f u s e d  zone ( t a b l e  2 ) .  I f  t h e  d a t a  a r e  
c o r r e c t e d  f o r  lower tonnage d u r i n g  p o s t i n f u s i o n  sampl ing,  t h e  d u s t  r e d u c t i o n  
i s  79 and 69 p c t  f o r  t e s t s  1 and 2 ,  r e s p e c t i v e l y  (6). 
TABLE 2 .  - I n f u s i o n  of  longwal l  
NAP--not a p p l i c a b l e .  
P r e i n f u s i o n  .......,...... 
P o s t i n f u s i o n  ( t e s t  1 ) .  . . . 
P o s t i n f u s i o n  ( t e s t  2 ) .  . . . 
Dust measurements a r e  aade  w i t h  MSA Moni tare  Model G p e r s o n a l  d u s t  s a m -  
p l e r s .  Reproduc ib le  r e s u l t s  a r e  o b t a i n e d  when c y c l o n e s  a r e  s e p a r a t e d  from 
t h e  d u s t  pumps. I n  a  development s e c t i o n ,  f o u r  c y c l o n e s  a r e  hung i n  t h e  
immediate r e t u r n  from t h e  s e c t i o n  t o  measure t h e  e f f e c t s  of  w a t e r  i n f u s i o n  on 
d u s t  g e n e r a t i o n  d u r i n g  mining and r e p r o d u c i b i l i t y .  On a  longwal l ,  c y c l o n e s  
a r e  mounted n e a r  t h e  t a i l g a t e  (100 f t  ups t ream) of  t h e  p a n e l .  
M I N I N G  THROUGH AN INFUSED ZONE 
Dust 
c o n c e n t r a t i o n  
(MRE mg/m3) 
9.6 
1 . 8  
1 . 8  
When a  s e c t i o n  i s  w a t e r  i n f u s e d  th rough  h o l e s  d r i l l e d  t o  125 f t ,  t h e  
i n f u s e d  zone i s  about  250 f t  deep and spans  t h e  w i d t h  o f  t h e  s e c t i o n .  S t a r t -  
i n g  on t h e  l e f t  s i d e  of t h e  s e c t i o n ,  two e n t r i e s  a r e  advanced i n  i n c r e m e n t s  
a l t e r n a t e l y  t o  100 f t  and t h e  c r o s s c u t  between t h e s e  e n t r i e s  i s  a l s o  d r i v e n  i n  
i n c r e m e n t s  ( f i g .  1 9 ) .  The con t inuous  miner  c o n t i n u e s  t h i s  c y c l i n g  a c r o s s  t h e  
s e c t i o n  u n t i l  t h e  s e c t i o n  h a s  been advanced one b reak ,  o r  about  100 f t .  The 
miner  t h e n  moves t o  t h e  l e f t  s i d e  of  t h e  s e c t i o n  and b e g i n s  t o  advance t h e  s e c -  
t i o n  on t h e  second 1 0 0 - f t  inc rement ,  s t i l l  w i t h i n  t h e  i n f u s e d  zone.  A s  t h e  
miner  comple tes  d r i v i n g  e n t r i e s  and c r o s s c u t s  on t h e  l e f t  s i d e  o f  t h e  s e c t i o n ,  
t h e  h o l e  d r i l l i n g  and i n f u s i o n  phases  should  be r e p e a t e d .  When t h e  miner  
comple tes  t h e  advance on t h e  r i g h t  s i d e  of  t h e  s e c t i o n  and moves back t o  t h e  
l e f t  s i d e ,  t h e  l e f t  s i d e  h a s  been r e i n f u s e d  and t h e  h o l e  d r i l l i n g  and i n f u s i o n  
p h a s e s  a r e  completed on t h e  r i g h t  s i d e .  I n i t i a l l y ,  t h e  s e c t i o n  should  be  
i n f u s e d  over  a  weekend t o  avo id  p o s s i b l e  methane problems. T h e r e a f t e r ,  d r i l l -  
i n g  and i n f u s i o n  phases  a r e  i n c o r p o r a t e d  i n t o  t h e  mining c y c l e .  I n t e g r a t i n g  
t h e  d r i l l i n g  and i n f u s i o n  p h a s e s  i n t o  t h e  mining c y c l e  c r e a t e s  no s e r i o u s  
problems and does  n o t  d e l a y  p r o d u c t i o n .  
The q u a n t i t y  of w a t e r  i n f u s e d  on a  development s e c t i o n  (500 f t )  r a n g e s  
from 15,000 t o  25,000 g a l l o n s  f o r  c o a l b e d s  from 4  t o  6  f t  i n  t h i c k n e s s .  T h i s  
amounts t o  1 o r  2  g a l  p e r  t o n  o f  mined c o a l ,  a s  compared w i t h  an average  w a t e r  
consumption of 6  g a l l t o n  on a  s h e a r e r  and an a v e r a g e  o f  7 . 5  g a l l t o n  on a  con- 
t inuous  miner .  
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I f  t h e  s e c t i o n  i s  n o t  i n f u s e d  a f t e r  t h e  second 1 0 0 - f t  increment  h a s  been  
mined, t h e  f low of  methane i n t o  each  e n t r y  w i l l  b e g i n  t o  i n c r e a s e  s lowly.  A t  
t h i s  t i m e ,  t h e  i n f u s e d  zone i s  t h i n .  Methane t e n d s  t o  d r i v e  t h e . w a t e r  i n  t h e  
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FIGURE 19. - Mining through infused zone. 
c o a l b e d  a s i d e  and g r a d u a l l y  me thane  f l o w  t h r o u g h  t h e  f a c e s  i n c r e a s e s .  No 
a b r u p t  s u r g e s  o f  me thane  h a v e  been  o b s e r v e d .  T h e r e f o r e ,  m i n i n g  t h r o u g h  a n  
i r ~ f u s e d  zone  p r e s e n t s  no  s p e c i a l  s a f e t y  h a z a r d s .  As a l w a y s ,  s u f f i c i e n t  a i r  
mus t  b e  a v a i l a b l e  t o  d i l u t e  me thane  t o  p e r m i s s i b l e  l e v e l s .  
I n t e r c e p t i n g  a w a t e r  i n f u s i o n  h o l e  d u r i n g  c r o s s c u t  o p e r a t i o n s  d o e s  n o t  
c r e a t e  a n  u n s a f e  c o n d i t i o n  b e c a u s e  f l o w  f rom t h e  h o l e  i s  w a t e r .  Min ing  p a r a l -  
l e l  and i n t o  a  w a t e r  i n f u s i o n  h o l e ,  a l t h o u g h  n o t  e x p e c t e d  t o  c r e a t e  u n s a f e  con -  
d i t i o n s ,  c a n  b e  a v o i d e d  by  d r i l l i n g  a l l  h o l e s  a  few d e g r e e s  o f f  t h e  d i r e c t i o n  
o f  p r o j e c t e d  deve lopmen t  o f  t h e  e n t r y .  
EFFECT OF WATER ON ROOF AND FLOOR STRATA 
L i k e  methane, w a t e r  i s  normal ly  a s s o c i a t e d  w i t h  c o a l .  Most c o a l b e d s  con- 
t a i n  i n h e r e n t  w a t e r  which i s  s t o r e d  i n  t h e  f r a c t u r e  system. I n  t h e  P i t t s b u r g h  
c o a l b e d ,  h o r i z o n t a l  h o l e s  d r i l l e d  400 t o  500 f t  i n  advance o f  mining produce  
w a t e r  a t  p e r s i s t e n t  r a t e s  of 700 t o  900 g a l / d a y ,  even i n  s e c t i o n s  t h a t  a r e  con- 
s i d e r e d  "dry ."  I n  c o a l b e d s  th roughou t  t h e  Uni ted  S t a t e s ,  v e r t i c a l  b o r e h o l e s  
d r i l l e d  i n t o  v i r g i n  c o a l  must have w a t e r  pumps i n s t a l l e d  t o  c l e a r  t h e  w e l l  
b o r e s  of  w a t e r  i n  o r d e r  t o  m a i n t a i n  g a s  p r o d u c t i o n  (1). 
Because  w a t e r  does  no t  r e a d i l y  wet c o a l  and because  o f  g r a v i t y ,  w a t e r  i s  
assumed t o  b e  i n  t h e  bot tom p a r t  o f  t h e  coa lbed .  O b s e r v a t i o n s  show t h a t  t h e  
bot tom I f o o t  o f  c o a l  a l o n g  an  o u t s i d e  e n t r y  i s  wet  and t h e  r emainder  of  t h e  
c o a l  i s  g e n e r a l l y  d r y .  I f  t h e  bot tom i s  i n  c o n t a c t  w i t h  i n h e r e n t  w a t e r ,  i n f u s -  
i n g  w a t e r  i n t o  a coa lbed  w i l l  n o t  c r e a t e  c o n d i t i o n s  t h a t  have no t  a l r e a d y  
e x i s t e d  f o r  a g e s .  Thus, i t  a p p e a r s  d o u b t f u l  t h a t  w a t e r  i n f u s i o n  would a f f e c t  
even a s o f t  bot tom a d v e r s e l y .  
The exposure  o f  roof  rock  t o  w a t e r  d u r i n g  i n f u s i o n  i s  n o t  expec ted  t o  con- 
t r i b u t e  t o  roof  f a i l u r e s .  The r o o f  i s  i n  c o n t a c t  w i t h  t h e  i n f u s e d  w a t e r  o n l y  
where f r a c t u r e s  i n  t h e  coa lbed  t e r m i n a t e  a t  t h e  r o o f .  S i n c e  f r a c t u r e  w i d t h s  
i n  c o a l b e d s  r ange  from perhaps  o n e - s i x t e e n t h  of  an  i n c h  t o h a i r l i n e  c r a c k s ,  t h e  
a r e a  o f  w a t e r  c o n t a c t  w i t h  t h e  r o o f  i s  s m a l l  i n  comparison t o  t h e  a r e a  of  t h e  
i n f u s e d  zone.  
I n  a c t u a l  p r a c t i c e ,  no roof  o r  f l o o r  problems have been obse rved  due  t o  
w a t e r  i n f u s i o n .  One i n f u s e d  a r e a  was thorough ly  i n v e s t i g a t e d  s e v e r a l  months 
a f t e r  t h e  s e c t i o n  advanced th rough  t h e  a r e a .  There  were  no i n d i c a t i o n s  i n  t h e  
r o o f  o r  f l o o r  t h a t  t h e  a r e a  had been i n f u s e d .  I n  one a r e a ,  h a u l a g e  was 
a f f e c t e d  by accumulated d r i l l  w a t e r  and b r e a k t h r o u g h  w a t e r  which had been 
absorbed  i n  t h e  bottom. Such s i t u a t i o n s  can  be  avoided by c h a n n e l i n g  w a t e r  o r  
i n s t a l l i n g  pumps. 
DRILLING PROCEDURES AND EQUIPMENT 
Coal  i s  a s o f t  b r i t t l e  m a t e r i a l  and p r e s e n t s  no s p e c i a l  d r i l l i n g  problems.  
Water i n f u s i o n  h o l e s  a r e  d r i l l e d  w i t h  two t y p e s  o f  3 - inch  b i t s ,  One i s  a 
t h r e e - b l a d e  d r a g  b i t  ( f i g .  20) and t h e  o t h e r  i s  a t h r e e - c o n e  r o l l e r  b i t  
( f i g .  21 ) .  The d r a g  b i t  c o s t s  l e s s  and o n l y  t h e  b l a d e s  a r e  r e p l a c e d  when worn. 
Under comparable c o n d i t i o n s ,  t h e  d r a g  b i t  p e n e t r a t e s  c o a l  t h r e e  t o  f o u r  t i m e s  
f a s t e r  t h a n  t h e  t h r e e - c o n e  r o l l e r  b i t  (A), which i s  used o n l y  when r o c k  i s  
encoun te red .  The p e n e t r a t i o n  r a t e  o f  t h e  d r a g  b i t  i n  r o c k  i s  n i l .  F l u s h  
j o i n t  d r i l l  c a s i n g  i s  used i n  h o r i z o n t a l  d r i l l i n g  work conducted  by t h e  Bureau 
o f  Mines. For  h o l e s  d r i l l e d  t o  500 f t ,  EW f l u s h  j o i n t  c a s i n g  i s  used which i s  
1-13/16- inch I D  and weighs  28 l b  p e r  10 f t .  The d r i l l  c a s i n g  i s  i n  1 0 - f t  
l e n g t h s  f o r  e a s e  i n  h a n d l i n g  underground.  S h o r t e r  l e n g t h s  o f  c a s i n g  r e q u i r e  
more f r e q u e n t  i n t e r r u p t i o n s  i n  d r i l l i n g .  
Main ta in ing  a  b i t  on a  h o r i z o n t a l  t r a j e c t o r y  
o r  an  i n c l i n e  t o  f o l l o w  t h e  d i p  of t h e  coalbed i s  
d i f f i c u l t  even f o r  s h o r t  h o l e s  (200 f t ) .  I f  t h e  
d r i l l  s t r i n g  i n  t h e  h o l e  c o n s i s t s  o f  a  b i t  and EW 
c a s i n g  o n l y ,  t h e  t r a j e c t o r y  o f  t h e  h o l e  i s  unpre- 
d i c t a b l e .  With low t h r u s t  l e v e l s  and h i g h  r o t a -  
t i o n a l  speed,  t h e  b i t  t e n d s  t o  wear t h e  bottom 
s i d e  o f  t h e  ho le  and consequen t ly  f o l l o w s  a  t r a -  
j e c t o r y  i n t o  t h e  f l o o r .  As t h r u s t  i s  i n c r e a s e d ,  
t h e  b i t  may a r c  upward o r  downward. 
A  1 0 - f t  s t a b i l i z e r  ( f i g .  22) i s  used t o  
d r i l l  i n f u s i o n  h o l e s  r a p i d l y  and t o  minimize t h e  
e f f e c t s  o f  t h r u s t  and r o t a t i o n a l  speed on t h e  
p a t h  o f  t h e  b i t .  An end view ( f i g .  23) shows t h e  
c o n s t r u c t i o n  o f  t h e  s t a b i l i z e r ,  which i s  
2-15116-inch OD and i s  used w i t h  a  3 - inch  b i t .  
The o u t e r  t u b e  i s  c e n t e r e d  on EW d r i l l  c a s i n g .  
Water and d r i l l  c u t t i n g s  p a s s  through t h e  annulus .  
S t a r t i n g  o r  c o l l a r i n g  a  h o l e  i s  v e r y  impor- 
t a n t .  I f  t h e  h o l e  d e v i a t e s  by 2' from a  given 
t r a j e c t o r y ,  t h e  roof  o r  f l o o r  w i l l  be i n t e r c e p t e d  
i n  100 f t  i n  a  7 - f t  coalbed and i n  about 50 f t  i n  
a 4 - f t  coalbed i f  s t a r t e d  i n  t h e  c e n t e r  o f  t h e  
coa lbed .  There fore ,  h o l e  a n g l e  a t  t h e  s t a r t  of  
d r i l l i n g  must be w i t h i n  1' of  bedding p l a n e s .  
The 1 0 - f t  s t a b i l i z e r  cannot  be  tu rned  o r  r e d i -  
r e c t e d  because  o f  t h e  c l o s e  f i t  between t h e  w a l l  
o f  t h e  h o l e  and t h e  o u t s i d e  d i a m e t e r  o f  t h e  
s t a b i l i z e r .  
A f t e r  t h e  h o l e  has  been c o l l a r e d ,  i t  i s  
d r i l l e d  a s  r a p i d l y  a s  p o s s i b l e .  Genera l ly ,  125- 
t o  1 5 0 - f t  h o l e s  can be  d r i l l e d  i n  1 .5  t o  2  hours .  
However, i f  t h e  h o l e  must be  r e d i r e c t e d ,  more 
t ime  w i l l  be r e q u i r e d  t o  complete  t h e  h o l e .  
I f  t h e  h o l e  must be  r e d i r e c t e d ,  t h e  1 0 - f t  
s t a b i l i z e r  i s  removed from the  d r i l l  s t r i n g .  
Procedures  f o r  r e d i r e c t i n g  a  h o l e  depend on t h e  
t r a j e c t o r y  o f  t h e  h o l e .  I f  t h e  t r a j e c t o r y  i s  
toward t h e  t o p ,  t h e  d r i l l  s t r i n g  c o n s i s t s  o f  a  
d r a g  b i t  and EW c a s i n g .  Th is  d r i l l  s t r i n g  i s  
r o t a t e d  a t  h igh speed and low t h r u s t .  Th i s  t e n d s  
t o  wear t h e  bot tom s i d e  of t h e  h o l e ,  c a u s i n g  i t  
t o  d r o p .  I n  some c a s e s ,  a f t e r  e v e r y  10 f t  o f  
advance,  s e v e r a l  slow reaming p a s s e s  a r e  made t o  
i n c r e a s e  t h e  wear on t h e  bottom s i d e  of t h e  ho le ,  
caus ing  i t  t o  d r o p  f a s t e r .  
FIGURE 20, - Three-blade 
drag bit. 
I f  t h e  hole  t r a j e c t o r y  
i s  toward t h e  bottom, t h e  
d r i l l  s t r i n g  c o n s i s t s  of a  - 
sho r t  c e n t r a l i z e r  ( f i g .  24) 
placed d i r e c t l y  behind t h e  
b i t  and followed by EW cas -  
i ng .  The cas ing ,  which l i e s  
on t h e  bottom of t h e  hole ,  
t ends  t o  t i l t  t h e  c e n t r a l i z e r  
and b i t  s l i g h t l y  upward, 
causing t h e  ho l e  t r a j e c t o r y  
t o  t u r n  upward. 
General ly ,  t he se  pro- 
cedures  a r e  s u f f i c i e n t  f o r  
d r i l l i n g  ho l e s  t o  depths  of 
a t  l e a s t  200 f t .  I f  t he  
ho l e  has been c o l l a r e d  i n i -  
t i a l l y  a t  t h e  proper  angle ,  
t h e r e  w i l l  be  no need t o  
r e d i r e c t  i t  a t  a  l a t e r  s t a t e .  
Hor izonta l  ho l e s  can be 
d r i l l e d  w i th  equipment nor-  
mally p re sen t  on an ope ra t -  
ing  s e c t i o n .  A 56-lb hand- 
held a i r  d r i l l  ( f i g .  25) 
develops enough power t o  
d r i l l  h o r i z o n t a l  ho l e s  500 
f t  (15). It can be placed 
on a  frame and pushed manu- 
a l l y .  An a l t e r n a t e  method 
i s  t o  p u l l  t h e  d r i l l  w i th  a  
1- ton "come-along." This  
d r i l l  u n i t  can be  moved from 
one s i t e  t o  another  and set 
up r a p i d l y  i n  comparison t o  
an e l e c t r o h y d r a u l i c  d r i l l  
u n i t  . -- 
Power f o r  t h e  e l e c t r o -  
hyd rau l i c  d r i l l  ( f i g .  26) i s  
FIGURE 21. - Three-cone roller bit. suppl ied by a  15-  t o  20-hp 
e l e c t r i c  motor which d r i v e s  
two hydraul ic  pumps i n  
tandem. One pump d r i v e s  an hyd rau l i c  motor which r o t a t e s  t h e  d r i l l  s t r i n g ;  
t h e  o t h e r  pump powers dua l  c y l i n d e r s  which provide t h e  t h r u s t  on t h e  d r i l l  
s t r i n g .  A f i r e - r e s i s t a n t  f l u i d  i s  used i n  t h e  hydrau l ic  system. 
FIGURE 22. - Ten-foot stabilizer. 













































FIGURE 25. - Handheld air  dril l. 
FIGURE 26. - Dri l l  and power units. 
WATER INFUSION PRESSURES AND EQUIPMENT 
The p re s su re  r equ i r ed  t o  i n f u s e  a coalbed depends on such f a c t o r s  a s  g a s  
p re s su re ,  f r a c t u r e  permeabi l i ty ,  and length  of open ho le  through which t h e  
coalbed i s  i n fused .  I n  many coalbeds,  gas  p re s su re  i s  less than 75  1b/ inzg a t  
dep ths  o f  100 f t .  Thus, gas  p re s su re  i s  not an important f a c t o r ,  except i n  
t h e  Pocahontas No. 3 coalbed, where a p re s su re  of about 600 1b/ inzg  i n c r e a s e s  
t h e  i n f u s i o n  p re s su re  s i g n i f i c a n t l y .  
The l eng th  of  open ho le  through which t h e  coalbed i s  in fused  a f f e c t s  
i n f u s i o n  r a t e  and p re s su re .  I n fus ion  p i s t o n  pumps a r e  cons tan t  volume pumps. 
Consequently, a s  t h e  l eng th  of open hole  i nc reases ,  i n f u s i o n  flow r a t e  remains 
cons t an t  but  t h e  i n fus ion  p re s su re  decreases .  However, t h e r e  i s  a l i m i t  t o  
t h e  accep tab l e  open-hole length .  I n  an extreme example, i f  t h e  l eng th  of open 
hole  i n  a 100-f t  ho le  i s  80 f t ,  t h e  i n fus ion  p re s su re  w i l l  be extremely low 
but  w i t h i n  minutes  t h e  in fused  water  w i l l  be s h o r t - c i r c u i t i n g  through the  f a c e  
of t h e  e n t r y .  Open-hole l eng th  should not exceed 10 t o  15  f t .  
F r a c t u r e  permeabi l i ty  of  t h e  coalbed i s  t h e  dominant f a c t o r  a f f e c t i n g  
i n f u s i o n  pressure .  Table 3 g ives  ranges of p r e s su re  and flow r a t e s  f o r  sev- 
e r a l  coalbeds.  Length of  open hole  through which the  coalbed i s  in fused  i s  10 
t o  15  f t .  I n  t h e  P i t t s b u r g h  coalbed, t h e  mine 's  water  supply p re s su re  i s  
adequate  t o  i n f u s e  t h e  coalbed. Except f o r  t h i s  coalbed, i n fus ion  pumps w i l l  
g e n e r a l l y  be r equ i r ed .  
TABLE 3 .  - I n f u s i o n  p r e s s u r e  and flow r a t e s  
I n  Bureau i n f u s i o n  work, p i s t o n  pumps a r e  used .  T h e i r  p r e s s u r e  range can 
be  a l t e r e d  by changing t h e  p i s t o n  d iamete r .  Tab le  4  shows p r e s s u r e  ranges  of  
a  p i s t o n  pump and cor responding  flow r a t e s .  
TABLE 4 .  - I n f u s i o n  pump c h a r a c t e r i s t i c s  ( t h r e e - p i s t o n )  
Flow r a t e  
(gal /min)  
8 t o  20 
8  t o  12 
7  t o  16 
15 
Coalbed 
P i t t s b u r g h  ........... 
Upper K i t t a n n i n g  . . . . .  ....... Upper F r e e p o r t  
. .  Pocahontas No. 3 . . .  
I n f u s i o n  p r e s s u r e  
( l b / i n 2 )  
300 t o  400 
700 t o  1,150 
1,000 t o  1,800 
1,500 t o  2,200 
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Water i n f u s i o n  i s  an e f f e c t i v e  method of c o n t r o l l i n g  methane d u r i n g  min- 
i n g .  I n  t h e  P i t t s b u r g h  coalbed,  a  79-pct  r e d u c t i o n  i n  methane f l o w i s o b s e r v e d  
when t h e  f a c e  c l e a t  i s  p e r p e n d i c u l a r  t o  t h e  s e c t i o n  advance d i r e c t i o n .  When 
t h e  s e c t i o n  advances p a r a l l e l  t o  t h e  f a c e  c l e a t ,  o n l y  a  38-pct  r e d u c t i o n  i n  
methane f low i s  observed.  I n  t h e  Upper K i t t a n n i n g  coa lbed ,  emiss ion r a t e s  
were  reduced 89 p c t .  
Genera l ly ,  t h e  spac ing  of h o l e s  a c r o s s  t h e  s e c t i o n  should be  l e s s  than  
twice  t h e  l e n g t h  of  t h e  g rou ted  p o r t i o n  of  t h e  h o l e .  A l l  h o l e s  should be  t h e  
same l e n g t h  approx imate ly .  The coalbed may be i n f u s e d  p r o g r e s s i v e l y  a s  each  
h o l e  i s  d r i l l e d ,  o r  a l l  h o l e s  may be i n f u s e d  s imul taneous ly .  
Maximum p r e s s u r e  






I n f u s i o n  p r e s s u r e s  range  from 300 t o  2,200 1 b / i n z g .  I n  t h e  P i t t s b u r g h  
coa lbed ,  t h e  mine wate r  supply  p r e s s u r e  i s  s u f f i c i e n t  t o  i n f u s e  t h e  c o a l b e d .  
However, i n  o t h e r  coa lbeds ,  i n f u s i o n  pumps a r e  n e c e s s a r y .  







Water i n f u s i o n  i s  e f f e c t i v e  i n  reduc ing  r e s p i r a b l e  d u s t  i n  t h e  Pocahontas 
No. 3  and Upper K i t t a n n i n g  coa lbeds .  T e s t s  i n  t h e  Upper F r e e p o r t  and P i t t s -  
burgh coa lbeds  were no t  c o n c l u s i v e  because  of l a r g e  v a r i a t i o n s  i n  d u s t  
measurements . 
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